Several astronomical surveys aimed at the investigation of the extragalactic components were carried out in order to map systematically the universe and its constituents. An excellent level of detail is needed, and it is possible only using space telescopes or with the application of adaptive optics (AO) techniques for ground-based observatories. By simulating K-band observations of 6000 high-redshift galaxies in the Chandra Deep Field South region, we have already shown how an extremely large telescope can carry out photometric surveys successfully using the Global-MCAO, a natural guide stars based technique that allows the development of extragalactic research, otherwise impracticable without using laser guide stars. As the outcome of the analysis represents an impact science case for the new instruments on upcoming ground-based telescopes, here we show how the investigation of other observed deep fields could profit from such a technique. Further to an overview of the surveys suitable for the proposed approach, we show preliminary estimations both on geometrical (FoV and height) and purely AO perspectives (richness and homogeneity of guide stars in the area) for planned giant telescopes.
INTRODUCTION
Understanding the formation and evolution of galaxies is a lively debated topic in astrophysics, because the advent of more powerful telescopes stimulated more detailed theories and numerical simulations to interpret new observations. The main issue concerns the role of the competing scenarios in shaping galaxies: large protogalaxies formed through a dissipational collapse according to the monolithic scenario, whereas galaxies are the result of successive merging between small structures in the hierarchical merging process. Cold or hotflow accretion, mergers involving gas or not (dissipational or dissipationless), feedback and outflows, and rapid monolithic aggregation are paradigms that live together within theoretical frameworks for understanding the early formation, structural properties, and evolution of galaxies. Observations spanning the full history of the Universe are critical for developing the knowledge of these processes: the early building blocks of galaxies can be studied at z > 6, earlier redshift galaxies (1 < z < 4) span the peak of the massive galaxy building era, while, locally, dwarf galaxies can provide a fossil bed of relics from the low-mass end of the galaxy formation spectrum.
Deep field surveys answered to several astrophysical questions, providing a wide database of objects at large and intermediate redshifts. In fact, in about 20 years of observations, a lot of sky regions were mapped and Table 1 shows a list of them that can not be exhaustive. Some of these runs were combined together in order to merge the information in the different bands, making a synergy that is fundamental in order to have a comprehensive view of Universe. In this framework, the NASA's Great Observatories Program can be considered one of the *elisa.portaluri@oapd.inaf.it Table 2 .
Moreover, in order to widely progress in this field and to improve the potentialities, two routes can be followed: the sole improvement of the engineering side of the existing instruments, or the attempt to turn into reality novel concepts and new ideas. Being the latter an exciting challenge, [23] proposed a new Adaptive Optics technique, called Global-Multi Conjugate Adaptive Optics (GMCAO), in which a wide field of view (labelled technical FoV) can be used to look for natural guide stars and correct the smaller scientific FoV. For a review of the concept and the implementation of an example of such a system, see [24] . [25] presented a scientific case in the area of applicability of the GMCAO technique, recovering the structural parameters of a sample of 6000 synthetic high-redshift galaxies observed in the Chandra Deep Field South region with a GMCAO-assisted extremely large telescope (ELT) and performing the source detection and twodimensional fitting analysis. These studies have shown that the GMCAO approach can produce robust results when studying the photometry of extragalactic fields and can provide a useful frame of reference for a number of science cases. Here, we want to investigate if it is possible to extend the same evaluation to other deep fields, and therefore if GMCAO can be used to map all the regions of the sky. The selection of some representative surveys and their observabilities with the planned ELTs are shown in Section 2, while in Section 3 preliminary estimations on AO perspectives are given.
SURVEYS SELECTION AND OBJECTS VISIBILITY
To have a hint of the visibility of the most-studied deep fields with GMCAO, we selected 10 surveys in 10 different regions of the sky: CDF-S (already studied by [25] ), HDF-S, GOODS-S, NDFS-Cetus, C UDF,GOODS-N, EGSS/CFHTLS-D3, COSMOS/CFHTLS-D2, SubaruDF, and NDWFS-Bootes. We used the tool STAROBS * that measures the observability of objects plotting how altitude changes over a year according to the ELTs site coordinates, as shown in Figure 1, 2, 3 . Depending on the mutual position (site and sky coordinates), the surveys we have chosen can be considered as perfectly visible, even if we exclude altitudes below 30
• , for instrumental limits and for the high value of the airmass.
GEOMETRICAL AND AO CONSIDERATION
In our simulations, the GMCAO method is implemented and tested using 6 natural guide stars, therefore the knowledge of the stellar density over the sky is a fundamental request for the applicability of such a technique. First, we decided to make a theoretical simulation using TRILEGAL, 26 a population synthesis code that simulates * http://catserver.ing.iac.es/staralt/ the stellar photometry of our Galaxy: we built a grid in the whole sky and recover the number of stars within 1 square degree with R > 18 mag. Figure 4 shows the dependence of the star density according to the galactic latitude and longitude. As expected, the latitude plays a key role, however in all the cases, there will be enough stars to apply GMCAO. Obviously, the more stars available will be, the better performance we will expect because the possibility to select a good asterism is higher, as reported in Figure 5 , which also shows that, beyond the increase of the encircled energy, a SR of 30% can be reached. The region above 60 arcsec is excluded because we did not consider stars within the scientific field and also we rejected stars that are close each other less than 10 arcsec to avoid overlapping effects. Moreover, we can use the GAIA first release (DR1, [27] ) to access real data of stars with g magnitude between 8 and 18 and measure at random positions the star density within the technical FoV area (78.7 square arcmin), as shown in Figure 6 . White regions are areas not covered by our random investigation. As expected, the Milky Way plane and the Magellanic Clouds have the maximum concentration of stars, confirming the theoretical predictions done using TRILEGAL. Figure 6 . Logarithm of the GAIA DR1 density of stars with 8 < g < 18 within the GMCAO technical field area over the whole sky.
